The impact of the kinetics of the anti-HLA antibodies after KTx on the occurrence of acute rejection as well as the better timepoint to monitor anti-HLA Abs after transplantation is not completely defined. This prospective study followed 150 patients over 12 months after transplantation. Serum IgG anti-HLA Abs were detected by single antigen beads after typing donors and recipients for loci A, B, C, DR, and DQ. Before KTx, 89 patients did not present anti-HLA Abs and 2% developed "de novo" Abs during the 1st year, 39 patients were sensitized without DSAs, and 13% developed DSA after surgery; all of them presented ABMR. Sensitized patients presented higher acute rejection rates (36.4% versus 13.5%, < 0.001), although 60% of the patients did not present ABMR. Patients, in whom DSA-MFI decreased during the first two weeks after surgery, did not develop ABMR. Those who sustained their levels presented a rate of 22% of ABMR. 85% of patients developed ABMR when MFIs increased early after transplantation (which occurred in 30% of the DSA positive patients). In the ABMR group, we observed an iDSA-MFI sharp drop on the fourth day and then an increase between the 7th and 14th POD, which suggests DSA should be monitored at this moment in sensitized patients for better ABMR prediction.
Introduction
Anti-HLA Abs (anti-HLA Abs) as well as donor-specific alloantibody (DSA) is an increasingly common finding in renal transplant candidates [1, 2] . Sensitization to human leukocyte antigens (HLA) occurs mainly through pregnancies, blood transfusions, and transplantation. Anti-HLA sensitized patients have a high incidence of antibody-mediated rejection (ABMR) in the first few weeks after transplantation [3, 4] .
The importance of HLA matching and the presence of pretransplant anti-HLA antibodies, on the outcome of renal transplantation, have been studied [5, 6] . However, the clinical relevance of the dynamics of preformed anti-HLA antibody after transplantation has not been well described.
In a large multicenter study, Terasaki and Ozawa found that the prevalence of anti-HLA Abs after kidney transplantation, in the long-term, was 20.9% and those patients who developed anti-HLA antibodies had lower graft survival, suggesting that the appearance of circulating antibodies precedes rejection episodes [1] .
We have previously studied the kinetics of anti-HLA Abs after kidney transplantation using ELISA-Panel Reactive Antibodies (ELISA-PRA) determination and showed that the increase in ELISA-PRA levels was associated with the occurrence of acute antibody-mediated rejection [7] . Also, in a retrospective analysis of anti-HLA Abs after KTx, we have observed that most of the patients with pre-Tx DSA, whose graft survived after 6 years of follow-up, had cleared/decreased their pre-Tx Abs after KTx [8] .
In this study, we have prospectively evaluated the kinetics of the anti-HLA Abs antibodies and DSAs after kidney transplantation and its impact on the occurrence and severity of acute rejection episodes. We have also tried to identify the best time-point to monitor anti-HLA Abs in the first year after kidney transplantation.
Methods

2.1.
Patients. This is a prospective and observational study that evaluated 1350 sera of 150 adult patients (≥18 years) who were submitted to a non-HLA identical, isolated kidney transplant. Patients were followed over a period of 12 months after transplantation or until graft loss or death. All participants signed informed consent approved by the Institutional Committee of Ethics in Research (# 0233/11).
All patients ( = 223) who received a kidney transplant at our center between July 2011 and June 2012 were invited to participate. Out of them, 53 were not included due to (a) younger age than 18 y ( = 16); (b) declining to participate ( = 27); (c) multiple organ transplants ( = 10). Twenty patients were excluded after transplantation: 6 died and 6 lost their grafts very early after transplantation (none due to ABMR) and 8 were lost from follow-up. Therefore, 150 patients were enrolled in this study.
HLA Typing.
All donors and recipients were HLA A, B, C, DRB1, and DQB1 typed by polymerase chain reaction single strand polymorphisms (PCR-SSP) or polymerase chain reaction sequence specific oligonucleotides (PCR-SSO, One Lambda, Canoga Park, CA).
Pretransplant
Cross-Match. Pretransplant DSA and inacceptable mismatches were not used to stratify transplant risk. At the time of the transplant, all patients had a negative pretransplant AGH-CDC T-cell cross-match (XM) as well as long-incubation B cell XM. The presence of IgM antibodies was excluded by testing in the presence of Dithiothreitol (DTT). Sensitized patients who received a live donor kidney were also submitted to T and B flow-cytometry cross-match (FCXM) and cleared to transplant if negative: after isolating peripheral T and B lymphocytes, viability was checked, and the concentration was adjusted to 2.5-3.5 × 10 6 per mL. The donor cells were incubated with recipient serum at 4 ∘ C and then washed in 5% fetal calf serum in phosphatebuffered saline. Fluorescein isothiocyanate conjugated with anti-human globulin was added, followed by a 2-min incubation. Fluorochromes conjugated with monoclonal antibodies specific for T cells (PerCP anti-CD3) and B cells (PE anti-CD19) were added, followed by 30-min incubation at 4 ∘ C and a wash step. The crossmatches were acquired by the flow cytometer, a BD FACS Calibur fluorescence-activated cell sorter using a 1024-channel log scale (Becton-Dickinson Biosciences, San Jose, CA).
Panel Reactive Antibodies (PRA).
Blood samples were collected before transplantation (and before the administration of any induction therapy) as well as on days 4, 7, 14, 30, 90, 180, and 360 after the surgery. All pre-and posttransplant sera were screened by Lab Screen Mixed (One Lambda, Canoga Park, CA) to determine the presence of class I and class II anti-HLA Abs of the IgG isotype. Blood samples were analyzed prospectively. Raw MFI data was analyzed
The cPRA was computed using frequencies found in the donor population in our area. Positive samples were subsequently analyzed to determine antibody specificity using by solid-phase assay single HLA-coated microspheres (Luminex5 -One Lambda, Canoga Park) in all patients with a PRA higher than 0%. According to our laboratory standardization, MFI cut-off value of 1500 was considered positive and negative MFI values below this cut-off point of 1500, either for class I and II antigens, and for preexistent and for "de novo" antibodies. We used the immune-dominant DSA (iDSA), that is, the anti-donor HLA antibody with the highest mean fluorescent intensity (MFI) for statistics when more than one antibody was detected. For this study, we defined change in posttransplant DSA as a 20% increase or decrease on MFI, considering that all specimens were analyzed by the same laboratory, using the same technique with a sensitive method from the same manufacture and considering that in our laboratory chances are lower than 10% in 95% of the tests. In our laboratory, only variations greater than 10% on DSA levels are considered significant. All patients who presented a posttransplant "de novo" antibody had their pretransplant sera retested by single antigen beads, to confirm that these antibodies were not already present immediately before transplantation. EDTA was used to ensure that a prozone effect was not present.
2.5.
Immunosuppression. All patients received induction therapy: 108 received Basiliximab (Novartis Biosciences, Basel, Switzerland), and 42 received Thymoglobulin (Genzyme Corporation, Cambridge, USA). Depleting antibodies were indicated if there was immunological risk (PRA higher than 10% or DSA presence) or a long (higher than 24 hours) cold ischemia time. Maintenance immunosuppression consisted of Tacrolimus, Sodium Mycophenolate, and Prednisone. There were no differences in the long-term immunosuppressive policy concerning the type of drugs or their doses in sensitized and no sensitized patients. TCMR classified as Banff I were treated with Methylprednisolone pulses (500 mg per 3 days). TCMR classified as Banff II-III were treated with Thymoglobulin 6 mg/Kg over 4-8 days (Sanofi-Aventis). ABMR was treated with plasmapheresis (6 sessions), and a course of IVIg (2 g/kg) and Rituximab 500-1000 mg (Mabthera from Roche Pharmaceuticals) after apheresis.
Allograft Rejection.
Rejections were biopsy-proven in all cases and classified using Banff 2009 criteria [9] . C4d staining was performed by indirect immunofluorescence technique, using monoclonal anti-C4d antibody from Biogenesis (Sandown, NH, MO, EUA) and considered positive when more than 10% of the peritubular capillaries stained positive. Antibody-mediated rejection (ABMR) was defined when there was (1) histological evidence of tissue injury, (2) C4d positivity, and (3) the detection of circulating anti-HLA donor-specific antibodies. Sensitized patients were always submitted to a protocol biopsy between the 7th and the 10th POD. Biopsies were performed in three situations: between the 7th and 10th POD in patients with cPRA higher than 0 or evolving with delayed graft function and anytime when rejection was suspected. Total number of biopsies performed during the study was 138.
Statistical Analysis.
Statistical analysis was performed using the SPSS for Windows, version 21 (SPSS Inc., Chicago, USA). For comparison of means and frequencies of normally distributed variables T-tests and Fisher Exact Test were applied. Logistic regression analysis was used to compare the risk of an outcome for a given DSA. A "p" value of less than 0.05 was considered as significant.
Results
The 150 enrolled patients were grouped according to both: the sensitization and the presence/absence of pretransplant DSA.
Group A: nonsensitized patients ( = 89, 59%). Group B: sensitized patients with no DSA ( = 39, 26%). Group C: sensitized patients with DSA ( = 22, 15%). In group C, there were a higher percentage of women, retransplants, pregnancies, and more Thymoglobulin as induction therapy. Also, group C presented a higher number of HLA A, B, C, and DQ mismatches. Class I PRA was higher in group C than in B (35% versus 6%). In addition, class II PRA was also higher in group C than in B (34% versus 12%).
No statistical difference was observed on the percentage of living and deceased donor transplants in the three groups. To avoid false interpretations due to small number of subjects in each group, living and deceased transplants were analyzed together.
Pretransplant T and B cell FCXM were performed only in the 7 patients who received kidney transplants from living donors out of the 22 patients in group C. In these 7 patients, pretransplant T and B cell FCXM were negative, which allowed us to clear the transplant. T and B cell FCXM was not performed to clear deceased donor transplantation in these DSA positive patients. Table 2 shows the clinical outcomes according to pre-Tx PRA. The overall rate of acute rejection in this study was 20% (30 episodes in 150 patients). In 12 patients (40%), the rejection was characterized as active antibody-mediated (all C4d positive) and in 18 patients (60%) as cell mediated rejection. Acute cellular rejection occurred on a median day 85 and ABMR on a median day 12 after transplant. The incidence of acute rejection was higher in group C (36.4%) than in groups A and B (13.5% and 25.6%, respectively, =< 0.001). The percentage of ABMR was also higher in group C than in groups B and A (100% versus 40% versus 0%, =< 0.0001). No difference at oneyear patient and graft survival was detected among groups. No biopsy showed features of chronic antibody-mediated rejection.
Acute Rejection.
The presence of pretransplant DSA showed an odds ratio of 2.7 for acute rejection and 17.7 for ABMR. Patients without ABMR had better 1-year eGFR as compared with patients with ABMR (54 ± 20 versus 42 ± 9 ml/min/1.73 m 2 , = 0.002, respectively), There were no differences in the urinary protein-to-creatinine ratio at one year (0.24 ± 0.39 versus 0.81 ± 1.28, = 0.1715).
Kinetics of HLA Antibodies after Transplantation
Group A (Pretransplant, PRA = 0). Out of the 89 nonsensitized patients, 79 (89%) never developed anti-HLA Abs up to one year after KTx, 8 (9%) develop non-DSA anti-HLA Abs, and 2 (2%) developed "de novo" DSA (one anti-HLA class I, detected at day 180, and one anti-HLA class II, detected at day 360 after transplantation). None of these patients in group A developed clinical ABMR.
Group B (Pretransplant, PRA > 0 no DSA).
The 39 patients in this group had anti-HLA Abs, but no DSA. One year after KTx, 34 patients (87%) neither changed Classes I or II PRA nor developed "de novo" DSA. Five patients (13%) developed "de novo" DSA, 4/5 (80%), in the first week after transplantation (2 Class I and 2 Class II) and all these 4 patients developed ABMR, in the first month. In the other patient "de novo" anti-HLA class II DSA was detected on the 180th postoperative day and this patient did not develop clinical rejection.
Group C (PRA > 0 with DSA). This group included 22 patients transplanted with detectable pretransplant DSA, but with negative pretransplant T and B AGH-CDC-XM. After transplantation, different DSA kinetics were identified: (A) Six patients (27%) decreased by 47% the iDSA-MFI (7329 ± 3932 to 3821 ± 3901, = 0,002) from day 0 to day 14. From day 30 to day 90 they further decreased iDSA-MFI levels by 29% (3206 ± 3258 to 2162 ± 2785, = 0.003). In none of these patients ABMR occurred.
(B) Nine patients (34%) did not reduce the iDSA-MFI significantly between day 0 and day 14 (4999 ± 5595 versus 3887 ± 4884, = 0.07) and two of them (22%) developed clinical ABMR during the first two weeks.
(C) Seven patients (32%) had a significant increase in the iDSA-MFI from day 0 to day 14 (6095 ± 2405 versus 10740 ± 4253, = 0.049) and all them (100%) developed ABMR over this period. One graft loss due to ABMR occurred. In these 7 patients, after treatment with plasmapheresis, IVIg, and Rituximab, 6 presented a significant decrease in iDSA-MFI at day 30 (2162 ± 2785, = 0.003) and day 90 (1923 ± 2641, = 0.003). Among them, and between 90 and 360 days, 3 patients eliminated their DSAs. Not only the kinetics but also the amount of the increase on iDSA-MFI was different among the patients between the 4th and the 7th POD. Patients that presented ABMR, had a 44% mean increase on iDSA-MFI levels, whereas patients without ABMR had only a nonsignificant 8% increase (Figure 2 ). MFI variation of these groups is shown in Figure 1 . No statistical differences were found on 1-year graft survival among all groups (NS).
We could identify risk factors for the appearance of "de novo" DSA or iDSA-MFI increase after surgery. Women were more prone to DSA increase/appearance (19.4 versus 1.2%, = 0.0001, OR = 19.7), as well as retransplants (9.6 versus 6.7%, < 0.001, OR = 1.5), previous pregnancies (23.5 versus 6.3%, = 0.16, OR = 4.6), deceased donor (12.1 versus 3.9%, = 0.14, OR = 3.4), and previous transfusions (13.9 versus 5.1%, = 0.09, OR = 3).
Discussion
In this study, we observed that only 2% of nonsensitized patients develop "de novo" DSA in the first year and none of them developed ABMR. We have also shown that sensitized patients either with pre-or "de novo" posttransplant DSA have a high risk of ABMR if the DSA-MFI increases in the first week after transplantation what suggests that the 7th day is a good time-point for DSA monitoring.
International consensus on monitoring anti-HLA Abs suggests that nonsensitized patients should be tested at least once between the third and the 12th month after transplantation [10] . Our results led us to conclude that monitoring anti-HLA antibodies, in the first year, in nonsensitized patients may strongly increase costs with a small benefit. On the other side, sensitized patients without DSA at the transplant must be followed with caution, since, in our cohort, 13% of them developed DSA, usually very early after transplantation, and 80% of them developed ABMR. This data changed our policy with DSA search and protocol renal biopsies between the 7th and the 14th POD to detect and treat developing ABMR in sensitized patients without pre-Tx DSA.
In this analysis, among sensitized patients, those transplanted with DSA had a high risk of ABMR. These data were similar with data described by Lefaucheur et al. [2] . In their study, the main factor predicting ABMR was the presence of pretransplant DSA with a ninefold relative risk. In our study, we had a 17.7-fold risk of ABMR. Nevertheless, neither the presence of DSA nor the MFI value could predict ABMR, since 64% of these patients did not course with ABMR.
In this study, the intensity of pre-Tx DSA fluorescence was not associated with the development of ABMR.
Some studies have shown no differences in mean pretransplant MFIs among patients with and without ABMR, although patients with higher levels present higher ABMR [11, 12] . This data confirmed our previous results obtained using an ELISA-PRA test for posttransplant monitoring [7] .
The dynamics of anti-HLA Abs after transplantation, in patients with pre-Tx DSA, was rather decisive for the development of ABMR. Patients, in whom DSA-MFI decreased/disappeared during the first two weeks, did not develop ABMR. Those who sustained their levels presented 22% of ABMR. On the other hand, 85% of patients, in whom the MFIs increased early after transplantation, developed ABMR.
Interestingly, in the ABMR group, we observed an iDSA-MFI sharp drop on the fourth day, a feature also shown by others [13] , and then an increase between the 7th and the 14th day posttransplant. This finding suggests that collecting DSA before 4 days after transplant does not add important information. Our data suggests that DSA should be monitored at days 7 and 14 for sensitized patients. To our knowledge this profile had never been well described before.
For sensitized patients, we suggest monitoring PRA frequently (2-3 times) in the first month, beginning between the 7th and the 10th POD, when there is a greater variability on the behavior of the anti-HLA Abs, and then periodically over the first year.
In DSA positive patients, no significant (higher than 20%) change in the iDSA-MFI could be detected after the 2nd postoperative month, all of them evolving with progressive and slow decrease and no rejection episodes. It is noteworthy that the kinetics of these antibodies is very dynamic and can fluctuate lightly at any time, as shown by Heilman et al. [14] , but as we have shown a pattern is usually defined during the first month.
DSA measure is a noninvasive procedure and may help in the early diagnosis of ABMR, resulting in a strong impact on graft survival [1, 2, 7, 11, 15, 16] . In addition, we observed that monitoring DSA helped to follow patients treated for ABMR.
Our study has a caveat on establishing the exact ABMR rate, since protocol biopsies were not performed in all low risk patients. Also, we used MFI-DSA as a marker of humoral activity, since this has been used in many published studies and is more useful in the clinical setting. Nevertheless, dilution studies could add more accurate data on the strength of the antibodies.
We could identify some risk factors for the early increase in DSA-MFI: female gender, previous pregnancies, retransplants, blood transfusions, and receiving a transplant from a deceased donor were all risk factors for increasing posttransplant DSAs.
In other studies, DSA presented at both pre-and posttransplant periods was a significant risk factor for decreased graft survival [11] .
We noticed that patients without antibody-mediated rejection had better graft function, at one year, than those with ABMR, although one-year graft survival was similar.
Considering that renal allograft function is a surrogate marker for long-term graft loss [17] , this finding may suggest that one-year follow-up is a too short period to evaluate the impact of ABMR on graft survival.
Since 70% of sensitized patients and 64% of patients with positive pretransplant DSA did not present ABMR and have good graft survival and function at least during the first year, sensitized patients should not be excluded for transplantation even if they show pretransplant DSA.
In summary, knowing the dynamics of anti-HLA Abs after transplantation in sensitized patients may allow us to recognize those at higher risk for rejection, ABMR, as early as possible.
